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ABSTRACT
The studies reported here were concerned primarily with antibiotic production 
by antagonistic actinomycetes and the relation of these antibiotics to the control 
of Pvthium arrhenomanes Drechsler, a causal organism of root rot of com and sugar 
cane.
An isolate of P .  arrhenomanes, pathogenic on corn roots, was obtained 
from sugar cane roots. Actinomycetes were isolated and tested for antagonism 
to P . arrhenomanes in agar culture. Twenty-nine antagonistic actinomycete 
isolates were used in these studies. Greenhouse experiments showed that most 
of these antagonistic isolates produced some control of Pythium root rot when 
added to sterile soil, reinfested with P. arrhenomanes.
Only three of the 2 9  antagonistic isolates studied were consistent in 
producing antibiotics in liquid culture media. The production of antibiotics in 
culture media was found to be affected significantly by the type of media used 
and the pH of the media. Antibiotic filtrates of these three actinomycete isolates 
were found to differ in their heat stability and antibiotic activity. Dilutions as  
high as  1 :1 0 0  of some filtrates were found to inhibit P . arrhenomanes in agar 
culture. The antibiotic activity of some culture filtrates was greatly reduced 
in the presence of soil.
Antagonistic actinomycete isolates were cultured in sterile soil and sterile 
soil amended with two per cent soybean meal. Antibiotic activity was detected
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in buffer and alcohol extracts from amended soil cultures. Extracts of nonamended 
soil cultures showed no antibiotic activity.
In general, these studies showed that the production of antibiotics by 
antagonistic actinomycete isolates in liquid culture media or amended soil was 
not closely related to the ability of these isolates to control Pythium root rot.
INTRODUCTION
Published reports of surveys of the fungi associated with root rot of sugar 
cane showed that species of Pythium were the most abundant parasitic organisms 
present in all sections of the Louisiana "sugar belt" (1 5 ,  16). Studies of these 
species of Pythium revealed that one species, Pythium arrhenomanes Drechsler, 
was unusually virulent on sugar cane roots (3 7 ,  6 0 ) .  It was found that environ­
mental factors had definite effects on the occurrence and on the severity of Pythium 
root rot. Certain of these environmental factors, including temperature, moisture, 
soil type, and soil microflora, have been studied in some detail (1 8 ,  6 1 ) .
Following the discovery by Tims (75), in 1 9 3 2 ,  that certain actino­
mycetes were antagonistic to P . arrhenomanes, particular emphasis was given to 
studies of the soil microflora in relation to root rot of sugar cane. Shortly after 
Tims' work, it was discovered by LeBeau (36) that some species of Trichoderma 
also were antagonistic to_P. arrhenomanes. Results of surveys made between 
1 9 4 8  and 1 9 5 2  (9 , 4 0 )  showed that there were numerous bacteria, fungi, and 
actinomycetes present in Louisiana soils which were capable of antagonizing P. 
arrhenomanes. A correlation between antagonistic actinomycetes isolated from 
sugar cane soils and sugar cane yields was shown by Cooper (9). Johnson (3 0 ,
3 1 )  found that there was a correlation between the decreasing amount of root rot and 
the increasing antibiotic value of the actinomycetes. Greenhouse experiments 
showed that when certain antagonistic microorganisms were added to autoclaved 
soil, reinfested with P . arrhenomanes, the severity of root rot was reduced and
in some cases completely controlled. Preliminary experiments by Johnson (32) 
showed that some antagonistic isolates produced antibiotics in liquid media. It 
was further found that certain of these antibiotics were not inactivated when treated 
with small amounts of clay.
The objectives of the present investigation were to: (1) isolate strains 
of Pythium which show a high degree of virulence to sugar cane and com roots;
(2) isolate actinomycetes from the soil which were antagonistic to isolates of 
pathogenic Pythium spp. in agar culture; (3) tes t the antagonistic actinomycete 
isolates for their ability to control root rot in Pvthium infested sterile soil;
(4) study the production of antibiotics by antagonistic actinomycetes in liquid 
culture media; (5) study the adsorption of these antibiotics by soil; and (6) deter­
mine if the antagonistic actinomycetes produce antibiotics in the soil.
REVIEW OF LITERATURE
Attempts at utilization of antagonistic soil microorganisms for control of 
soil-borne plant pathogens have met with varying degrees of success. Studies of 
the association of microorganisms in soil have revealed that a complex and highly 
variable relationship exists (7 7 ) .  Initial studies of antagonism were primarily 
concerned with the ability of antagonistic organisms to control soil-borne plant 
pathogens. More recent studies have been concerned with mechanisms involved 
in antagonism. In the course of these studies much evidence has been accumulated 
which indicated that the production of antibiotics was a significant factor in the 
antagonism of one microorganism by another in soil.
Antibiosis in Relation to Pythium Root Rot of Corn and Sugar Cane.
In 1 9 3 2 ,  Tims (75) reported that certain actinomycetes isolated from 
sugar cane soils were found to be antagonistic to Pythium arrhenomanes, the 
causal organism of root rot of corn and sugar cane. One of the actinomycete 
isolates was shown to reduce the severity of Pythium root rot when incorporated 
into sterile soil which had been infested with P . arrhenomanes. LeBeau (36) in 
1 9 3 9 ,  studied the relation of environmental factors and antagonistic organisms to 
root rot of sugar cane and corn. He found that several species of Trichoderma 
were antagonistic to P . arrhenomanes. He found also that nitrogen fertilizers 
increased the severity of root rot, whereas high phosphate fertilizers tended to 
decrease the severity of root rot. In experiments with antagonistic Trichoderma
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isolates he found that neither nitrate nor phosphate had a great effect on the degree 
of antagonism expressed toward _P. arrhenomanes. In a study of the effect of soil 
amendments on actinomycetes, McGahen (41) reported that actinomycete popula­
tions were higher in soils amended with bloodmeal, tankage, or finely ground stems 
and leaves of soybean and cowpea plants than in nonamended soils. Cooper (9) 
and Cooper and Chilton (10) made a survey of the Actinomyces populations of five 
different soil types in the "sugar belt" of Louisiana. The Actinomyces populations 
were not correlated with either soil pH, season, or soil type, but were affected 
primarily by the amount of rainfall. They found that percentage of antibiotic 
isolates varied from 1 8 . 5 1  to 3 1 . 4 6  for the different soil types. A close agree­
ment was found between the percentage of antibiotic cultures and the antibiotic 
index, which was defined as the average distance of inhibition in millimeters in 
agar cultures. The correlation between the average sugar cane yield and the 
antibiotic index was very c lose. The product of the antibiotic index and the number 
of thousands of Actinomyces per gram of soil, which was termed the antibiotic 
value of Actinomyces populations, was even more closely correlated with average 
yields. These workers suggested that Actinomyces may influence the yielding 
capacity of the soil, by limiting the virulence of P . arrhenomanes. Cooper (9) 
reported that the rhizosphere soil of sugar cane contained 2 . 8  to 3 3 . 4  times 
as many Actinomyces as did nonrhizosphere soil. The antibiotic index was approxi­
mately the same for Actinomyces from both regions. Various amendments were 
found to influence the Actinomyces populations in nonsterile soil in both green­
house and field experiments. Some Actinomyces isolates were shown to decrease 
the severity of root rot of corn in greenhouse te s ts .  A survey was made by
Connell (8), in 1 9 5 1  and 1 9 5 2 ,  to determine population of bacteria, antagonistic 
to P . arrhenomanes. from soils collected at 13 locations in the Louisiana "sugar 
belt."  From a total of 5 , 6 3 8  isolates tested for antagonism, only 2 0 2  or 3 . 5 8  
per cent were antagonistic to P . arrhenomanes. Most of the isolates were only 
slightly antagonistic. The soils studied were divided into five areas. The area 
with the greatest antibiotic activity was a light soil area in which the occurrence of 
root rot was slight, whereas the area with the lowest antibiotic activity was a 
heavy soil area in which root rot had been found to be most severe. A similar 
survey was made by.Luke (39), in 1 9 5 1 ,  to determine the population of fungi 
present in the soils of the Louisiana "sugar belt", which were antagonistic to_P. 
arrhenomanes. A total of 5 , 2 1 8  fungal isolates was tested for antagonism to_P. 
arrhenomanes in agar cultures. Approximately 16  per cent of the isolates tested 
were antagonistic. No correlation was found between antibiotic activity of the fungi 
and the incidence of severity of root rot. The highest antibiotic activity occurred 
in heavy soils where damage due to root rot was severe, whereas the lowest anti­
biotic activity was found in light soils were root rot was not prevalent. Species of 
PeniciIlium were found to comprise 4 5  per cent of the total fungal antagonist, 
with species of Aspergillus and Spicaria comprising 2 2  and 2 3  per cent, respectively. 
Johnson (31), in 1 9 5 2 ,  exposed autoclaved soil to the atmosphere after reinfesta­
tion of the soil with P . arrhenomanes and found that there was a decrease in root 
rot as the soils became recontaminated. He found further that there was a correla­
tion between the decrease in root rot and the number of antagonistic actinomycetes 
present in the soil. In other studies he tested 8 6  antagonistic isolates of bacteria,
fungi, and actinomycetes, of which 75  per cent gave some degree of control of 
root rot in sterile, reinfested soil. A few isolates gave a highly significant degree 
of control. Actinomycetes, in general, gave better control than did fungi or bacteria. 
It was found that actinomycetes which produced large zones of inhibition in culture 
usually gave better control of root rot than did those producing small zones. 
Generally, it was found that actinomycetes which occurred most abundantly in the 
rhizosphere gave best control of root rot. In a further study of the relationship of
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soil-borne organisms to root rot of corn and sugar cane, Johnson (3 2 ,  3 3 )  in 1 9 5 4 ,  
tested 1 7 1  antagonistic and 1 8 1  nonantagonistic isolates of fungi, bacteria, and 
actinomycetes for their ability to control Pythium root rot of corn. Results showed 
that 2 1  per cent of the antagonistic fungi, 20  per cent of the antagonistic bacteria, 
and 3 4  per cent of the antagonistic actinomycetes, significantly reduced the 
severity of root rot in sterile , reinfested soil. None of the nonantagonistic isolates 
consistently reduced the severity of root rot under similar conditions. This study 
suggested that antagonistic actinomycetes play a larger role in reducing root rot 
severity than do antagonistic fungi and bacteria and that nonantagonistic micro­
organisms do not affect the severity of root rot. A study of the multiplication of 
some actinomycete isolates in rhizosphere and nonrhizosphere soil revealed that 
there was no correlation between the degree of multiplication of the isolates within 
and outside of the rhizosphere of corn and the ability of these isolates to control 
root rot. Culture filtrates of certain isolates of antagonistic bacteria, fungi and 
actinomycetes were found to contain antibiotic substances. The antibiotic activity 
of some of these filtrates was reduced when they were mixed with clay. Johnson 
(32) suggested that the antibiotics present in these filtrates were adsorbed by clay
particles and that this may have accounted for the inability of the isolates producing 
them to control root rot in soil.
Antibiosis in Relation to Other Soil-Borne Pathogens.
Sanford (63), in 1 9 2 6 ,  reported that when pure strains of bacteria and 
Actinomyces scabies (Thaxt.) Gussow*were cultured in the same medium certain 
strains of bacteria made the solution too acid for the germination of S . scab ies .
A strain of bacteria isolated from the soil and cultured in Czapek's medium, was 
found to inhibit the development of S . scabies by some means other than excessive 
acidity. Sanford suggested that the control of potato scab, obtained by use of green 
rye crops on the soil was governed by the antibiotic qualities of certain predominant 
soil microorganisms. Millard and Taylor (48), in 1 9 2 7 ,  reported the suppression 
.§* scabies by S . praecox. When both of the Streptomyces spp. isolates were 
added to amended soil or nonamended soil there was a reduction of scab. They 
attributed this inhibitory effect to S . praecox being a better saprophytic competitor 
than S . scab ies , thus, reducing the population of the latter. Sanford (6 4 ), in 1 9 4 6 ,  
found that the severity of scab was reduced when either clover or rye was added to 
the so il . He suggested that this reduction of scab was probably due to a build-up 
of organisms antagonistic to S . scabies which were favored by the soil amendments.
It was shown by Fellows (1 7 ) ,  in 1 9 2 9 ,  that inoculum of Ophiobolus graminis 
soon lost its virulence when entire cultures were added to noninfested soil. He 
further found that certain organic matter when added to infested soil, both in the
Changed to Streptomyces scabies (Thaxt.) Waks. & Genrici which is used 
hereafter in this review.
greenhouse and in the field, greatly reduced the severity of take-all d isease, 
caused by 0 .  graminis. In some cases perfect control was obtained. Sanford and 
Broadfoot (6 6 ,  67 )  found that living cultures of many soil inhabiting bacteria, 
fungi, and actinomycetes, or filtrates of these microorganisms, exerted a suppressive 
effect on pathogenicity of 0 .  graminis. This effect varied from complete control 
of the d isease , to actually intensifying it, depending on the organism or filtrate 
concerned. The living cultures sometimes gave control whereas the corresponding 
filtrate did not always do so and the reverse also was found to occur. In general the 
living cultures of fungi and bacteria were more active than the filtrates in suppressing 
the pathogenicity of 0 .  graminis.
Henry (2 7 ) ,  in 1 9 3 2 ,  studied the influence of soil temperature and soil 
sterilization on the reaction of wheat seedlings to 0 .  graminis. At 13°C the severity 
of blighting of wheat in sterilized and nonsterilized soil was about the same, but at 
27°C  most of the seedlings in sterilized soil were killed whereas those in non­
sterilized soil were only slightly attacked. He concluded that the protective value 
of the constituents of nonsterilized soil against soil-borne inoculum of 0 .  graminis 
was relatively slight at soil temperatures below 2 0 °C . In 1 9 3 3 ,  Broadfoot (5) 
found that the virulence of 0 .  graminis decreased progressively in exposed sterilized 
soil, the greatest decrease occurring within the first 4 0  days. After 1 2 0  days the 
inoculum of 0 .  graminis was impotent. The virulence of the inoculum when added 
to nonsterilized soil was greatly reduced in contrast with that in sterilized soil, 
and after 10 days it was practically at a minimum.
In an attempt to determine the effect of other soil microorganisms on 0 .  
graminis, Broadfoot (6) tested 6 6  cultures of bacteria and fungi for antagonism to
th is fungus in agar culture. He studied also the effect of these organisms on the 
virulence of 0 .  graminis in the soil. Twenty one cultures controlled the virulence 
of the pathogen in the soil with a lesser number showing antagonism in agar culture. 
There seemed to be no relationship between control of the disease in the soil and1 u .
the expression of antagonism in culture. Lai (35) found that the dissappearance 
of 0 .  graminis mycelium was more rapid in acid so ils , and slower in sand and in 
alkaline so ils . From infected roots he isolated a large number of soil fungi and 
bacteria. He suggested that the disappearance of_0. graminis mycelium from invaded 
roots was conditioned by the activity of these contaminants, and particularly by 
such species as Trichoderma lignorum. Control of the disease was accomplished 
to various degrees by adding either living cultures or culture filtrates to sterile, 
reinfested soil. Ludwig and Henry (38) observed that recontaminated, steam 
sterilized soil, infested with 0 .  graminis, gave less severe infection of wheat 
seedlings than did similarly infested, nonsterilized soil. They suggested that the 
microflora which developed in sterilized soil following recontamination had a greater 
suppressive action on 0 .  graminis than that normally present in nonsterilized soil. 
The two microfloras were found to differ both quantitatively and qualitatively. In 
general, the number of microorganisms was found to be greater in sterilized re­
contaminated soil than in nonsterilized soil. Trichoderma viride became the dominant 
organism in sterile recontaminated soil. They concluded that the antagonism of_T. 
viride toward 0 .  graminis probably played an important role in the suppression of 
the latter.
The existence of an antagonistic relationship between Helminthosporium 
sativum and other soil microorganisms was reported by Porter (58) in 1 9 2 4 .  He
1 0
observed that the addition of a bacterium to sterile , reinfested soil would protect 
oat seedlings from Helminthosporium sp. Henry (2 6 ) ,  in 1 9 3 1 ,  found that the 
natural microflora of some soils had the ability to suppress the wheat foot-rotting 
organism, H. sativum, in the soil. He found that he could get the same effect by 
mixing small amounts of this natural soil in sterile soil. Suppression of the pathogen 
in the soil appeared to be correlated with a reduction in the severity of its attack on 
wheat seedlings grown in the soil. Greany and Machacek (22) reported that the 
pathogenicity of H. sativum was suppressed by antagonistic action of Cephalothecium 
roseum. They found that culture filtrates of C_. roseum were highly effective in 
inhibiting germination and germ tube growth of H. sativum spores. Pot culture 
experiments demonstrated that C. roseum exerted natural biological control over H. 
sativum. Christensen (7), in 1 9 3 6 ,  reported that the addition of Trichoderma lignorum 
and several other fungi and bacteria to naturally infected barley seed or to sterilized 
or nonsterilized soil did not delay or inhibit the pathogenic action of seed-borne 
pathogens. Soaking infected seeds in an extract from these organisms also gave 
negative results . The addition of T . lignorum and certain other fungi and bacteria 
to seed or sterilized soil inoculated with H. sativum, however, increased the stand, 
decreased the number of deformed and stunted plants, and suppressed seedling 
injury.
Work by Anwar (2) revealed that the metabolic products of some bacteria, 
actinomycetes, and fungi inhibited the growth of H. sativum when added to agar 
medium. A soil isolate of Bacillus subtilis, when added to steamed soil with JH. 
sativum, completely protected barley seedlings against root rot. Isolates of B. 
sub tilis , Trichoderma sp. and Penicillium spp. also protected field plots of barley
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seedlings from heavy infection by H. sativum. Peterson (54), in 1 9 5 4 ,  made a 
study of cross antagonism between actinomycete isolates active against S . scabies 
and H. sativum. He found that a wide range of cross antagonism existed within the 
group, but several isolates showed considerable resistance to antagonism. Irradia­
tion of these resistant strains failed to produce mutants showing greater antibiotic 
activity or greater resistance to antagonism than their parent cultures. Chaetomium 
sp . isolated from oat seeds was found to be antagonistic to various genera of fungi 
and bacteria by Martin and Moore (44 ), in 1 9 5 4 .  This Chaetomium isolate also 
protected seedlings of oa ts , grown from seed either naturally or artificially infested 
with Helminthosporium victor iae, from damage by this pathogen. Rangaswami and 
Vidyasekaran (62) found that when a streptomycete isolate was inoculated into 
sterile soil in which corn plants were grown, the streptomycete reached the rhizo­
sphere and was present in sufficient numbers to inhibit spore germination, to inhibit 
growth, and to malform and lyse germ tubes of H. sativum. They attributed this 
inhibition of H. sativum to antibiotic production by the streptomycete isolate in 
the corn rhizosphere.
In the course of an investigation of damping-off of citrus seedlings, in 1 9 3 2 ,  
Weindling (79) found a strain of Trichoderma lignorum which parasitized a number of 
pathogenic soil fungi, including Rhizoctonia solani, Phytophthora parasitica, Pythium 
sp p . ,  Rhizopus spp. and Sclerotium rolfsii. Based on preliminary pot experiments, 
the possibility was suggested of controlling certain pathogenic soil organisms by 
abundant inoculation of the soil with cultures of T. lignorum. Further studies by 
Weindling (80) showed that a lethal principle was produced by T . lignorum and this
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material was instrumental in the parasitic action of T. lignorum on Rhizoctonia sp. 
and other soil fungi. This lethal principle was greatly weakened by boiling, but 
was not completely destroyed even after autoclaving. The effect of the lethal 
principle and the action of X- lignorum itself were found to be closely paralleled. 
Good control of damping-off of citrus seedlings was obtained by adding T . lignorum 
spores to sterilized, reinfested soil. Haensler and Allen (2 4 ) ,  in 1 9 3 4 ,  reported 
that seed decay and damping-off of cucumbers and peas grown in soil heavily in­
fested with Rhizoctonia sp. were reduced from 6 7  and 63  per cent to 12 and 4 7  
per cent, respectively. Filtrates of T . lignorum were found to be lethal to species 
of Rhizoctonia and Pythium. Later work by Allen and Haensler (1) showed that 
the filtrates of Trichoderma cultures were lethal even when diluted 4 0  per cent. 
This toxic principle in the filtrates was completely inactivated either by heating 
for 10 minutes at a  temperature of 100°C  or by exposure to air. Weindling and 
Fawcett (81 ) , in 1 9 3 6 ,  found that Trichoderma spp. influenced the results of 
experiments in which damping-off of citrus seedlings was controlled by soil acidifi­
cation. They found that by acidifying natural soil they could reduce damping-off, 
but with sterile soil at the same pH no reduction in damping-off occurred in the 
absence of Trichoderma spp. They suggested that Trichoderma sp. was favored by 
the soil reaction and was antagonistic to Rhizoctonia s p . , thus reducing the amount 
of damping-off.
In 1 9 3 9 ,  a strain of Bacillus simplex was isolated by Cordon and Haensler 
(11) which was antagonistic to Rhizoctonia solani. Filtrates from liquid cultures 
of th is bacterium were also antibiotic to R. solani. Control of seed decay and
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damping-off of cucumbers and peas was accomplished by adding either the living 
bacterial cells  or their culture filtrates to the soil. Sanford (65) in 1 9 4 7 ,  reported 
that various nitrogenous salts and corn meal definitely tended to reduce Rhizoctonia 
disease of potatoes. He attributed th is reduction to antibiotic effects of associated 
soil fungi and bacteria. The antagonistic effects of a number of bacteria, fungi and 
actinomycetes upon Rhizoctonia s p . , were studied by Wood (85) in 1 9 5 1 .  In 
greenhouse experiments he was able to control damping-off of lettuce in sterile 
reinfested soil by adding some antagonistic isolates to the so i l . He found that some 
of the highly antagonistic isolates controlled the disease even when added to non- 
sterile soil. Dunlevy (13), in 1 9 5 5 ,  reported a reduction in the incidence of 
damping-off of sugar beets when an isolate of Bacillus subtilis was added to sterile 
soil, infested with Rhizoctonia sp. High temperatures retarded inhibition of the 
fungus by the bacteria whereas low temperatures favored inhibition. Increased 
nitrogen improved control of Rhizoctonia sp. in sterile soil. Only limited control 
was obtained in nonsterile soil with this antagonistic bacterium. Ayers and 
Papavizas (3), in 1 9 6 3 ,  isolated a strain of Pseudomonas sp. from rhizosphere 
of beans which was found to be highly antagonistic to Rhizoctonia sp. This 
antagonistic bacterium or crude filtrates of the bacterium when applied to buried 
buckwheat segments suppressed the colonization of this substrate by Rhizoctonia
spp.
In a  study of the control of cotton root rot by manuring, King et a l.  (34) 
found that bacteria, actinomycetes, and fungi were more abundant in manured plots 
than in nontreated plots. The root rot fungus, Phymatotrichum omnivorum, was more
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abundant in nontreated plots, it was found that the severity of root rot was reduced 
on manured plots. These workers concluded that the rapid and prolonged reduction 
of root rot activity on manured soils was due to the dense population of organisms 
engaged in breaking down the organic materials and developing a  soil condition 
temporarily unfavorable for the growth and activity of the root rot fungus. Following 
King's work, Thom and Marrow (74) made surveys of P. omnivomm-infested areas. 
These surveys showed the absence or only sporadic presence of species of Trichoderma 
and other fungi which had been designated antagonistic in previous investigations.
Soil of cotton plots was infested with a  selected series of fungi, including Tricho- 
derma spp. Some degree of control of root rot was obtained in these plots. Mitchell 
et a l. (49) found that through the removal of the competitive effects of other microbes 
by soil sterilization, and subsequent reinfestation with P. omnivorum, good growth 
of the fungus mycelium occurred, regardless of the amount of organic matter present. 
The survival of P .  omnivorum was considered, therefore, to be limited by microbial 
interrelationships rather than by food exhaustion. By adding certain organic matter 
to the soil they were able to increase microbial activity and reduce root rot.
Meridith (47 ) ,  in 1 9 4 4 ,  found that certain actinomycetes isolated from 
soil would inhibit Fusarium oxysporum f. cubense in soil extract agar cultures.
Further work (46) showed that a significant difference in growth measurements 
existed between plants grown on plots treated with antagonistic actinomycetes 
and nontreated plots. Snyder et al. (70) reported control of Fusarium solani f. 
phaseoli and to some extent Rhigoctonia solani and Thielaviopsia basicola, the 
principal causal agents of bean root rot, when organic amendments of a high carbon
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to nitrogen ratio were added to the soil. They suggested that the control of these 
pathogens was manifested through the stimulation of antagonistic microffora by 
addition of these organic amendments. Williams and Kaufman (83) found that the 
populations of fungi antagonistic t o Fusarium roseum ranged from 6  to 19  per cent 
in soils which were continuously cropped with corn, wheat, oats , soybeans, and 
alfalfa. Papavizas (53) was able to increase the number of bean rhizosphere micro­
organisms antagonistic to Fusarium solani f. phaseoli by incorporating ground oat 
straw into the soil.
Other soil-borne pathogens which have been shown to be affected by the 
soil microflora include, Verticillium spp. (2 8 ,  8 2 ) ,  Sclerotium rolfsii (2 5 ,  5 0 ) ,  
Botrytis cinerea (5 2 ,  8 4 ) ,  Pyrenochaeta terrestis (19 ) , Tilletia sp. (68),
Corynebacterium insidiosum (51), Armillaria mellia (4), and Pythium debaryanum 
(2 3 ) .
Production, Role, and Fate  of Antibiotics in Soil.
That the production of antibiotics in soil can influence fungi and bacteria 
has been strongly suggested as  can be seen from the preceding reviews. This 
indirect evidence suggesting production of antibiotics in field soil, however, has 
been seriously challenged by the fact that no antibiotic has ever been recovered from 
such soil (71 ). According to Martin and Gottlieb (42) the acceptance of the 
hypothesis, that production of antibiotics in the soil can influence soil micro­
organisms, res ts  on two factors: (1) production of antibiotics in soil and (2) 
accumulation of such materials in inhibitory concentrations. Much work has been 
done in the past two decades to determine the production, role, and fate of anti­
biotics in soil.
16
Pramer and Starkey (59 ) ,  in 1 9 5 1 ,  reported that streptomycin activity 
was rapidly lost in nonsterile soil. They found that certain bacteria when grown in 
media containing streptomycin, reduced the activity of the antibiotic. This reduction 
in activity was attributed to biological breakdown of streptomycin. Jefferys (29) 
studied the stability of 10 antibiotics in soil. He suggested four mechanisms which 
might account for the loss of activity of antibiotics in soil: (1) inactivation due to 
pH of the soil; (2) biological inactivation; (3) adsorption by soil particles; and (4) 
chemical inactivation. Gottlieb (20 ), in 1 9 5 2 ,  studied the disappearance of several 
antibiotics from soil. He found that Chloromycetin and clavicin were both stable in 
sterile soil, but were inactivated in nonsterile soil, thus suggesting biological 
inactivation. Actidione was found to be unstable in both sterile and nonsterile soil, 
being most unstable in nonsterile soil. This behavior suggested that some type of 
b}$£iivaUon besides biological inactivation was occurring in soil. Siminoff and 
Gottlieb (69) found that colloidal complexes, such as clays and soil organic matter 
adsorbed and effectively inactivated streptomycin. From th is  they suggested that it 
was highly probable that basic antibiotics, such as  streptomycin, did not play an 
active biological role in the soil. In 1 9 5 2 ,  Gottlieb and Siminoff (21) were able 
to demonstrate the production of Chloromycetin in sterile, unamended soil by 
Streptomyces venezuelae. This organism, however, was unable to antagonize the 
growth of Bacillus subtilis , a chloromycetin-sensitive organism in nonamended 
soil. Martin and Gottlieb (43) reported that terramycin and aureomycin were in­
activated by illite and bentonite clays and that these antibiotics also were removed 
from aqueous solutions by soil particles. When added to the soil, relatively high
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concentrations of these antibiotics failed to inhibit sensitive organisms, but strains 
of Streptomyces rimosus and S. aureofaciens, producers of these antibiotics, 
inhibited sensitive organisms in the soil. Only actinomycin, of five antibiotics 
(circulin, viomycin, subtilin, actinomycin, and neomycin) studied by Martin and 
Gottlieb (42) showed any control of bacteria in soil. All five antibiotics were removed 
to some extent from solutions treated with soil. Mehta et a l. (45), in 1 9 5 9 ,  studied 
the behavior of vancomycin in sterile and nonsterile soil. In sterile soil the vanco­
mycin content remained constant for 14  days, but in nonsterile soil it gradually 
decreased until, at 14 days, it was not detectable. Solutions of vancomycin were 
treated with soil on a mechanical shaker for 2 4  hours. Assay results indicated 
that at the end of 0 . 5 ,  3 ,  and 2 4  hours the per cent of antibiotic remaining in the 
solution was 2 4 ,  1 0 ,  and 7 . 5  per cent, respectively. They concluded that the 
disappearance of vancomycin from the soil could be due to both the action of soil 
microflora and adsorption by soil particles.
Results of adsorption studies by Pinck et a l. (55), in 1 9 6 1 ,  led them to 
suggest that antibiotics could be divided into three groups according to their reactions 
with clays. The following divisions were suggested: (1) strongly basic (streptomycin, 
dehydrostreptomycin, neomycin, and kanomycin); (2) amphoteric (bacitracin, 
aureomycin, and terramycin); and (3) either acid (penicillin) or neutral (chlorampheni­
col and cycloheximide). The strongly basic and amphoteric groups reacted to form 
complexes with montmori I Ionite, vermiculite, illite , and kaolinite, whereas the 
neutral or acid group was adsorbed only slightly by montmori I Ionite. Later studies 
by Pinck et a l. (56) confirmed this grouping of these antibiotics. These later
studies also revealed that certain antibiotics were released from the soil when it was 
treated with buffer solutions. Soulides et a l. (72), in 1 9 6 1 ,  studied the effect 
of several buffer solutions on the release of antibiotics from clay complexes. 
Phosphate buffers were found to give best results with the basic antibiotics whereas 
citrate buffers were best for amphoteric antibiotics. Streptomycin was found to be 
substantially more stable than terramycin in soil incubation tes ts  made by Soulides 
et al. (73), in 1 9 6 2 .  It was observed also that there was a marked release of 
streptomycin and terramycin from a kaolinic soil, but negligible, if any at all from 
a montomorillonic soil. They concluded that the inactivation of these antibiotics 
in the montmori I Ionic soil was due to chemical or physical, rather than biological 
action. Pinck et a l. (57) reported, in 1 9 6 2 ,  that polymyxin B and viomycin 
(polypeptides) were adsorbed in large quantities, whereas carbomycin and erythro­
mycin (macrolides) were adsorbed only in microquantities by clays. Polymyxin B 
and viomycin were held more tenaciously by clays than carbomycin and erythromycin. 
Soulides (71), in 1 9 6 4 ,  presented a procedure for detecting microquantities of 
antibiotics in various types of soils . The method consisted of treating large samples 
of soil with buffer solutions, removing the liquid by evaporation and recovering the 
antibiotic from the residue. The recovered antibiotic was then determined by means 
of a bioassay. This technique was found highly sensitive for the detection of 
certain antibiotics adsorbed in two types of soil.
MATERIALS AND METHODS
Isolation of Organisms
Isolates of Pythium spp. used in this study were obtained from roots of sugar 
cane from several locations in the Louisiana sugar cane area just west of the 
Mississippi River. Roots were obtained from both plant cane and stubble cane of 
three varieties: N.Co. 3 1 0 ,  C .P .  4 4 - 1 0 1 ,  and C .P .  5 2 - 6 8 .  Roots from 
each collection were washed separately and those showing either decay or discolora­
tion were cut into segments about 1 .0  cm in length. Each group of root segments 
was washed in running tap water for 2 4  hours. Root segments then were rinsed in 
sterile water, dried between sterile filter papers, and placed in Petri plates con­
taining modified corn meal agar. Four root segments were placed in each plate. The 
corn meal agar medium used contained 1 00  mg/l of pimaricin, 50  mg/l of penicillin, 
and 5 0  mg/l of polymyxin (14). All fungal colonies suspected of being Pythium 
spp. were transferred to Czapek's agar tubes after 4 8  hours of incubation. Cultures 
isolated in this manner were screened for their pathogenicity to corn roots by using a 
short-cut method described by Edgerton et a l. (16 ) . White Tux Pan corn kernels 
were surface sterilized in 1 .7 5  per cent solution of sodium hypochlorite. Kernels 
were rinsed several times in sterile water and placed in the desired number of Petri 
plates containing moist filter paper. Two kernels were placed in each plate. As the 
primary roots began to elongate they were inoculated by placing inverted sections of 
agar, from rapidly growing cultures of Pythium s p p . , on the root tip. The degree of 
pathogenicity of the Pythium spp. isolates was determined by visual observation of
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the roots 4 8  hours after inoculation. The degree of pathogenicity of the isolates 
was rated as  follows: (1) complete rotting of root tip with a dark brown color;
(2) small rotted areas somewhat back from the root tip; (3) some decay or discolora­
tion of cortex, but stele not rotted; (4) roots not affected.
Isolates showing pathogenicity to corn roots in Petri dishes then were tested 
for pathogenicity to corn roots in soil. A nonreplicated experiment was carried 
out in which three-inch pots of sterile and nonsterile soil each were inoculated 
with one half Petri plate culture of each Pythium isolate. Cultures were grown on 
Czapek's agar medium for five days and cut into small blocks about 1 .0  cm square 
before being stirred into the soil. After five days of incubation the-pots were planted 
with five kernels of corn. The corn plants were removed from each pot after two 
weeks of growth and the fresh weights of the roots and shoots were determined for 
each pot. Using the reduction in root weight a s  an indication of the degree of root 
rot, the 10 Pythium spp. isolates showing the greatest degree of root rot were re­
tested in a replicated experiment. From this experiment isolate L -8  was selected 
for use in later experiments.
Soil used for isolation of actinomycetes was taken from the Louisiana State 
University sugar cane farm at Baton Rouge. Beginning with 100  g of air-dried soil 
in 1 .0  I of water, dilutions of 1 :1 ,0 0 0  and 1 :1 0 ,0 0 0  were prepared. One ml 
of each of these suspensions was then pipetted to the desired number of sterile 
Petri dishes. About 15 ml. of sterile Jensen 's  agar medium cooled to 45°C  
were added to each Petri dish. The Petri dishes were swirled gently to mix the 
soil suspension with the agar, and then were allowed to incubate for 8 - 1 0  days. All
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actinomycete colonies appearing in these cultures after 10 days were transferred to 
oatmeal agar slan ts . Several hundred actinomycete isolates were obtained in this 
manner.
Identification of Organisms
The production of sporangia by Pythium isolates was observed on water agar. 
Isolates were grown on carrot-corn meal agar (12), but only rarely were oogonia 
produced on this medium. Observations of oogonia were made in slide mounts of 
macerated root tissue of diseased root tips of corn. Based on these observations, 
isolate L -8 ,  used in this study, was tentatively identified as Pythium arrhenomanes. 
No attempt was made to identify the actinomycetes to genus or species.
Tests for Antagonism of Actinomycetes to Pythium arrhenomanes
Actinomycete isolates were tested for antagonism to P. arrhenomanes by 
streaking the actinomycete on one side of a Czapek's agar plate and 4 8  hours later 
inoculating the opposite side of the plate with P . arrhenomanes. The cultures were 
incubated for five additional days and then observed for zones of inhibition between 
the P . arrhenomanes and the actinomycete isolates. A ll actinomycete isolates 
showing inhibition zones were retested. From this second tes t  2 9  isolates showing 
the widest zones of inhibition were selected for use in this study. These selected 
isolates then were tested in two replicated experiments to determine their mean zone 
of inhibition.
Control of Root Rot in the Soil
In order to determine the ability of these actinomycete isolates to control
22
Pythium root rot, five-day old cultures of_P. arrhenomanes were cut into blocks about 
1 .0  cm square and stirred into three-inch pots of soil both of which had been sterilized. 
Actinomycete isolates to be tested were grown on Czapek's agar for eight days, cut 
into 1 .0  cm blocks and then stirred into the soil along with the P . arrhenomanes.
One half of a Petri dish culture of each isolate was added to each pot of soil. Two 
checks were used, one being soil infested with_P. arrhenomanes only and the other 
being noninfested soil. Each treatment was replicated four times. Five days after 
the soil was infested, 10 kernels of white Tux Pan com were planted in each pot. 
Following two weeks of growth the corn seedlings were removed from the soil and the 
fresh root weight was determined for each replication. Each isolate was tested three 
times.
Antibiotic Production in Liquid Culture Media
The 2 9  actinomycetes isolates studied were grown in modified liquid Czapek's 
medium. One ml of spore suspension of each isolate was added to 25  ml of medium 
in 12 5  ml flasks. The cultures were incubated at room temperature for 16  days, 
centrifuged for 10 min. at 8 , 0 0 0  rpm and filtered through an ultra-fine fritted 
g lass filter. Sterile filtrates obtained in this manner were assayed against 
arrhenomanes by the filter disc method. Two, discs one half inch in diameter were 
dipped in each filtrate and placed opposite each other at equidistance from the 
center and the side of a Petri dish containing Czapek's agar medium. Immediately 
after placing the filter d iscs in the plate the center of the Petri plate was inoculated 
with P . arrhenomanes. The assay plates were examined for inhibition zones around
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the filter discs and the diameters of such zones were recorded in mm after five days 
of incubation.
Due to the low antibiotic production in stationary cultures, in modified 
Czapek's liquid medium, an experiment was carried out to try to increase antibiotic 
production. A liquid soybean meal medium (78) was compared to Czapek's liquid 
medium for its ability to increase antibiotic production. Duplicate 1 2 5  ml flasks 
containing 2 5  ml of medium were inoculated with 1 .0  ml of spore suspension of 
seven actinomycete isolates. The cultures were incubated for five days at room 
temperature on a mechanical shaker. The cultures were continually shaken for 
the five day period at 9 4  strokes per minute. At the end of this incubation period 
sterile filtrates were extracted from each culture as  previously described and assayed 
for antibiotics using the filter disc method.
In order to determine the effect of pM of the culture medium on antibiotic 
production another experiment was made using soybean meal medium adjusted to 
four different pH levels, 5 ,  6 ,  7 ,  and 8 .  One ml of spore suspension was added 
to each 1 2 5  ml flask containing 2 5  ml of medium. Four isolates were grown at the 
four different pH levels, in triplicate. At the end of five days incubation as shake 
cultures, sterile filtrates were obtained and assayed for antibiotic activity using the 
filter disc method.
Further experiments were made to determine the heat stability and the concen­
tration of the antibiotics produced in liquid culture media. In the heat stability studies 
two ml of each filtrate were placed in small te s t  tubes in triplicate and these filtrates 
were subjected to various heat levels for different time intervals after which they were 
assayed to determine the level of antibiotic activity remaining.
24
An attempt was made to determine the concentration of antibiotic present in 
crude filtrates by using a series of dilutions. F iltrates were diluted 1 :5 ,  1 :1 0 ,
1 :2 0 ,  1 :5 0 ,  and 1 :1 0 0  in Czapek's agar which had been cooled to approximately 
5 0 °C . Three replications were used for each dilution which were poured into Petri 
plates and immediately inoculated with P . arrhenomanes. Measurements of the diameter 
of the colonies in mm were made at 36 , 7 2 ,  and 120  hours after inoculation.
Effect of Soil on Antibiotics
To determine if the antibiotics were adsorbed by soil particles several experi­
ments were made. Five g of sterile soil were added to triplicate se ts of sterile 
Petri dishes. Two ml of antibiotic filtrate were added to the five g of soil and then 
10 ml of water agar was poured over the soil layer, followed by a five ml layer of 
Czapek's agar. The center of each Petri dish was inoculated with P . arrhenomanes 
and measurements of the colony diameter in mm were made 3 6  and 1 20  hours after 
inoculation. Controls for this experiment included a set of plates with antibiotic 
added, but no soil, a set with soil added, but no antibiotic, and a set with no soil 
and no antibiotic added.
The second experiment to determine if antibiotics were adsorbed by soil 
particles consisted of adding five grams of sterile soil to 10 ml of antibiotic filtrate 
and shaking the suspension for one hour on a mechanical shaker. The soil was then 
removed and the filtrates were assayed for antibiotic activity using the filter disc 
method.
Extraction of Antibiotics from the Soil
The soil used in these experiments was a sandy loam which had been
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previously autoclaved for eight hours. Soybean meal was added to the soil at the 
rate of two per cent of the air dry weight of the soil. The moisture content of the 
soil was increased by adding 15 mi of water per 1 0 0  g of air-dried soil. Fifteen 
g of the moistened, amended soil was placed in 1 2 5  ml flasks and autoclaved for 
two hours. F lasks were inoculated in triplicate with actinomycete isolates. The 
soil cultures were incubated for two weeks at room temperature with one ml of 
water being added to each flask after the first week to maintain the moisture level.
Ten g of soil were used from each flask for extraction. Four methods of extraction 
were used: (1) water; (2) hot water; (3) buffer; and (4) ethyl alcohol.
Water and buffer extraction consisted of adding 15 ml of water or M /15  
phosphate buffer (pH 8) to the 10 g of soil and shaking the suspension vigorously 
for one hour on a mechanical shaker. The suspension was then centrifuged at 8 , 0 0 0  
rpm for 10 min and the supernatant was filtered through an ultra-fine bacterial filter. 
The hot water extraction was handled in the same manner as the water extraction 
except that the suspension was held at 80°C  for 2 0  min before centrifugation.
Alcohol extraction consisted of adding 15 ml of 9 5  per cent ethyl alcohol to 10 g 
of soil and shaking the suspension vigorously for 3 0  min on a mechanical shaker.
The suspension was then filtered through filter paper to remove the soil. These 
alcohol extracts were not passed through a bacterial filter.
Soil extracts obtained in the manners described above were assayed for 
antibiotic activity using the filter disc method. One-half inch filter discs were dipped 
into the extracts and then placed opposite each other in Petri dishes containing 
sterile Czapek's agar medium. The centers of the plates were inoculated immediately
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with_P. arrhenomanes, except in the case of alcohol extracts. In assaying the 
alcohol extracts, a delay of 12 hours was allowed between the time the assay discs 
were placed in the Petri dishes and the time the dishes were inoculated with_P. 
arrhenomanes. This delay allowed the alcohol to evaporate from the assay  discs 
and thus not interfere with the growth of_P. arrhenomanes. Extracts were not 
concentrated, except in the case  of alcohol -  and buffer-extracts. The volumes 
of these filtrates were reduced 10 fold under low heat and vacuum.
The extraction of antibiotics from nonamended sterile soil, in which actino­
mycetes were cultured as previously described, was attempted with phosphate 
buffer solution.
RESULTS AND DISCUSSION
Isolations of Pvthium spp. from sugar cane roots and from soil were begun 
in August of 1 9 6 3 .  Although many Pythium isolates were obtained from both 
sugar cane roots and from soil in the late summer and early fall, none was found 
to be pathogenic when tested on corn roots in Petri p lates. Van der Zwet (76), 
in 1 9 5 7 /  reported similar results in attempts to isolate pathogenic strains of 
Pythium from sugar cane roots. He suggested that the hot/ dry weather which 
prevailed during the time in which he made these isolations might have been the 
limiting factor in the isolation of pathogenic strains. The sporadic appearance of 
severe root rot in cool / wet weather would seem to support his suggestion. In 
February of 1 9 6 4  collections were made of sugar cane roots from several loca­
tions where stand failures had occurred and were attributed to root rot. The data 
in Table I show the degree of pathogenicity of a  number of Pythium isolates 
obtained from roots of several varieties of sugar cane collected from these locations. 
Ten of the isolates tested caused a dark brown discoloration of the root tip , accom­
panied by a rapid breakdown of the root tissue beginning at the root,tip. These type 
symptoms have been described previously as  being typical of root rot caused by 
Pythium arrhenomanes (61). Six of the 3 2  isolates tested had no detectable 
effects on corn roots, while the damage done by the remaining 16  isolates ranged 
from a mild discoloration of the root cortex to a complete rotting of the root tissues 
at locations somewhat removed from the root tip. The isolates showing type 1 and
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Table I . The number of Pythium isolates obtained from four locations and three 
varieties of sugar cane and their degree of pathogenicity as determined 
by the Petri dish method.
Plantation Variety Crop
Isolate
No.
Degree of ^  
Pathogenicity 
Test 1 Test £
Myrtle Grove N.Co. 3 1 0 Stubble 1-1 3
1-2 3
N.Co. 3 1 0 Plant L - l 2 2
L-2 3 1
L -3 1 1
L -4 1 1
L-5 1 1
L -6 1 1
L -7 1 1
L -8 1 1
C .P .  4 4 - 1 0 1 Stubble E - l 3
C - l 4
C-2 . 3
C-3 4
C-4 3
C-5 2 2
- C -9 2 2
C -10 2 2
C - l l 2 2
C -12 3
C .P .  5 2 - 6 8 Plant J - l 4
J - 2 1 1
J - 3 3
J - 4 4
J - 5 3
J - 6 1 2
C .P .  5 2 - 6 8 Stubble H-2 4
Margaret C .P .  5 2 - 6 8 Plant G-2 3
G-3 2 1
Allendale C .P .  4 4 - 1 0 1 Plant D-2 1 2
D-3 4
Seidenbach N.Co. 3 1 0 Plant B - l 1 4
* Degrees of pathogenicity are designated as  follows:
1 -  complete rotting of root tip with a dark brown color.
2 -  small rotted areas somewhat back from the root tip.
3 -  some decay or discoloration of cortex, but stele not rotted.
4  -  roots not affected.
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type 2 infection, a s  described earlier, were retested and the results of these tes ts  
are shown in Table I. With only one exception, the isolates retested produced either 
type 1 or type 2 infection.
The fresh weights of roots and shoots of corn seedlings grown in sterile and 
nonsterile soil, infested with one of 16  different Pythium isolates, are shown in 
Table II. The individual root and shoot weights are of little value in comparing 
the pathogenicity of the various isolates because the treatments were not replicated. 
These data do indicate, however, that the severity of root rot was, in general, much 
greater in sterile, reinfested soil than in nonsterile, infested soil. These data 
further show that low root weights, due to root rot, were generally accompanied by 
low shoot weights.
The data in Table III show the reductions in fresh root weights of corn 
seedlings caused by 10 Pythium isolates tested in a replicated experiment in the 
greenhouse. A significant difference in root weights of corn seedlings was obtained 
between seedlings grown in noninfested, sterile soil and seedlings grown in sterile 
soil reinfested with Pythium isolates L -5 ,  L -6 ,  and L -8  from sugar cane and 
Pythium isolate H from sorghum. Based on th is  experiment, Pythium isolate L -8 ,  
identified as Pythium arrhenomanes, was selected for use in further studies.
Figure 1 shows the effects of three Pythium isolates on the root development of 
corn seedlings in sterile , reinfested soil.
The degrees of inhibition of P . arrhenomanes in Czapek's agar culture by the 
2 9  actinomycete isolates used in these studies are shown in Table IV. Each
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Table II. Fresh weights of roots and shoots of corn seedlings grown in sterile and 
nonsterile soil infested with 16  different Pythium isolates.
Fresh Weight in Grams
Sterile Soil Nonsterile Soil
Isolate No. Root Wt. Shoot Wt. Root Wt. Shoot Wt
Control (noninfested) 2 . 3 8 1 . 9 6 1 .8 4 1 .1 4
L - l 1 .0 6 1 .1 5 1 .5 2 1 . 2 9
L-2 1 .8 4 1 . 7 1 2 . 4 1 1 .6 9
L-3 .8 8 1 . 4 8 1 .8 0 1 .5 4
L -4 .3 7 .5 0 .8 5 .8 2
L-5 .2 7 .7 7 .5 8 .9 3
L -6 .2 7 .5 7 1 .7 9 1 .6 3
L -7 .0 8 .1 3 1 .6 0 1 .5 5
L -8 .0 4 .2 5 3 . 0 1 1 .8 3
B - l 1 .6 2 1 .3 2 1 .3 1 1 .1 2
C-5 2 . 5 3 1 .5 5 1 .9 8 1 . 9 6
C -9 2 . 1 4 1 .4 7 3 . 1 6 2 .4 4
C -10 1 .3 5 1 .3 5 2 . 3 6 1 .1 8
C - l l 1 .8 5 1 . 3 6 1 .4 3 1 .1 9
J-2 .4 0 .8 9 .5 6 .8 5
J - 6 2 . 4 6 1 .7 3 2 . 7 7 1 . 4 6
D-2 .9 7 1 . 7 8 2 .2 0 1 .7 5
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Table III. Fresh root weight of corn seedlings as affected by 10 Pythium 
isolates tested separately in sterile soil.
Fresh Root Weight in Grams
Isolate No. Rep. 1 Rep. 2 Rep. 3 Total Average
Control (noninfested) 1 .5 3 1 . 8 7 1 .3 0 4 . 7 0 1 . 5 7
L-5 .2 5 .7 3 1 .3 1 2 . 2 9 .7 5 *
L -6 .5 5 .8 1 .7 7 2 . 1 3 .7 1 *
L -7 1 . 4 7 1 . 7 6 1 .8 5 5 . 0 8 1 .6 9
L -8 .2 5 .3 7 .6 9 1 .3 1 .4 4 *
D-2 .9 4 .5 8 1 .3 4 2 . 8 6 .9 5
G-3 1 .6 4 1 .8 4 1 .4 7 4 . 9 5 1 .6 5
J - 2 .3 7 1 .0 0 1 .7 9 3 . 1 6 1 .0 5
H .3 7 .0 5 .2 3 .6 5 .2 2 *
F 1 .6 0 .3 9 1 .1 7 3 . 1 6 1 .0 5
A 1 . 0 9 1 .0 3 .8 3 2 . 9 5 .9 8
* Significantly different from noninfested control at .0 5  P .
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Figure 1 . Effects of three Pythium isolates on the root development of corn 
seedlings in sterile, reinfested soil. (1) noninfested control,
(2) isolate L - 7 ,  (3) isolate L -6 ,  and (4) isolate L -8 .
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Table IV. Inhibition of Pythium arrhenomanes in agar cultures by 2 9  antagonistic 
actinomycete isolates.
Isolate No.
Width of inhibition zone in millimcSters
Test 1 Test 2 Mean
5 6 1 8 .7 1 7 .0 1 7 .9
7 6 1 5 .7 1 6 .0 1 5 .9
8 0 2 1 . 3 2 0 . 3 2 0 . 8
1 0 8 1 8 .3 1 8 .3 1 8 .3
7 1 1 8 .0 1 6 .7 1 7 .4
2 4 1 7 .3 1 3 .3 1 5 .3
2 9 1 5 . 7 1 2 .0 1 3 . 9
5 1 2 .7 1 3 .3 1 3 .0
10 1 4 .3 1 4 .7 1 4 .5
2 5 1 4 .0 1 5 .7 1 4 . 9
2 7 2 0 . 3 1 5 .0 1 7 .7
70 1 0 .3 8 .3 9 .3
3 7 2 1 . 7 1 4 .3 1 8 .0
4 7 1 0 . 6 7 . 7 9 .2
9 1 1 4 .0 1 6 .3 1 5 .2
17 9 . 3 6 .3 7 .8
6 6 . 7 8 .0 7 .4
7 9 7 . 7 1 0 .0 8 . 9
75 8 .0 3 . 7 5 . 9
3 6 8 . 0 9 .0 8 . 5
5 9 6 . 7 5 . 3 6 . 0
123 5 . 0 9 . 7 7 .4
2 3 . 0 3 . 0 3 . 0
90 5 . 7 4 . 3 5 . 0
4 0 3 . 0 3 . 0 3 . 0
2 2 2 . 3 1 1 .3 6 . 8
2 6 5 . 0 2 .0 3 . 5
130 4 . 0 5 . 0 4 . 5
4 4 0 0 0
Average 1 0 .7
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actinomycete isolate was tested in two separate experiments which were replicated 
three times, therefore the mean zone of inhibition shown for each isolate in Table 
IV is  the average of six inhibition zones. Preliminary screenings indicated that the 
2 9  actinomycete isolates, selected for these studies, all produced inhibition zones 
of five mm or more, but later te s ts  (Table IV) showed that some isolates produced 
smaller zones. Although no definite zone of inhibition was produced by isolate 4 4 ,  
there was an area near this isolate in which the growth of_P. arrhenomanes was re­
duced. The width of the zones of inhibition produced by the actinomycete isolates 
ranged from 0 to 2 0 . 8  mm. The average zone of inhibition was 1 0 .7  mm. Figure 
2 shows the degrees of antagonism exhibited by six different actinomycete isolates 
towards P . arrhenomanes.
Preliminary te s ts  showed that the isolate of P . arrhenomanes used in these 
studies would not cause severe root rot at the high temperatures in the greenhouse 
in the summer and early fall. Testing of the actinomycete isolates for their ability 
to control the virulence of P .  arrhenomanes on corn roots in soil was therefore de­
layed until winter and early spring. The actinomycete isolates were divided into two 
groups. Group A included the 14  isolates showing the greater degrees of antagonism 
toward P . arrhenomanes in agar culture and group B included the remaining 15 
lesser antagonistic isolates. Isolates of group A and group B were tested in 
separate experiments. Results of these experiments are shown in Tables V, VI, 
and VII. These data show that in most experiments the average root weights obtained 
were higher for corn seedlings grown in Pythium-infested soil to which antagonistic 
actinomycetes were added, than for seedlings grown in soil infested with_P. 
arrhenomanes alone. Figure 3  shows the degree of control of Pythium root rot
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Figure 2 .  The degrees of antagonism exhibited by six different actinomycete 
isolates towards Pythium arrhenomanes. Actinomycete isolates 
(1) 5 9 ,  (2) 2 2 ,  (3) 44 , (4) 8 0 ,  (5) 2 4  and (6) 5 .
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Table V. The effects of antagonistic actinomycete isolates on the root weight of
corn seedlings grown in sterile soil infested with Pythium arrhenomanes.
Isolate
Fresh Root Weight in Grams
Rep. 1 Rep. 2 Rep. 3 Rep. 4 Total —Average
Group A
Control (noninfested) 3 . 6 8 2 . 3 4 3 . 2 9 3 . 3 1 1 2 .6 2 3 . 1 5 *
Control (infested) .6 6 .6 4 .3 3 .1 9 1 .8 2 .4 6
3 7 2 . 3 8 3 . 5 0 1 .5 5 1 .0 5 8 . 4 8 2 . 1 2 *
2 7 2 . 2 3 2 .4 5 2 . 3 1 1 .7 3 8 . 7 2 2 . 1 8 *
25 1 .8 6 .6 2 .3 7 .3 0 3 . 1 5 .7 9
10 .1 5 .2 7 1 .4 9 1 .3 3 3 . 2 4 .8 1
2 9 .2 2 .3 1 .7 9 .6 9 2 . 0 1 .5 0
71 2 . 2 4 .9 8 2 . 2 0 1 .4 9 6 . 9 1 1 .7 3 *
7 6 1 .9 8 .3 4 .9 2 .7 1 3 . 9 5 .9 9
91 .2 8 .3 1 2 . 0 4 .3 7 3 . 0 0 .7 5
5 2 . 0 7 3 .1 3 . .9 3 1 .8 9 8 . 0 2 2 . 0 1 *
70 1 .0 9 .3 8 .8 1 .2 7 2 . 5 5 .6 4
80 .5 9 .4 6 2 . 1 3 1 .6 7 4 . 8 5 1 .2 1
1 0 8 2 . 1 6 .8 3 .2 8 .5 5 3 . 8 2 .9 6
5 6 .5 1 .5 3 .7 1 .1 5 1 .9 0 .4 6
2 4 .7 6 .4 7 1 .0 5 .9 3 3 . 2 1 .8 0
Group B
Control (noninfested) 2 . 0 7 2 . 6 6 2 . 3 7 1 .6 3 8 . 7 3 2 . 1 8 *
Control (infested) .7 4 .5 1 .4 8 .1 6 1 .8 9 .4 7
4 4 .6 1 .2 0 .2 4 .1 7 1 .2 2 .3 1
4 7 # .1 4 .1 7 .4 0 .3 2 1 .0 3 .2 6
130 0 .0 0 .0 8 .4 6 .2 5 .7 9 .1 9
4 0 o . o o 0 .0 0 0 .0 0 0 .0 0 0 . 0 0 0 .0 0
75 .4 8 .2 6 .1 0 .1 6 1 .0 0 .2 5
7 9 1 .2 3 .8 4 .2 2 .3 6 2 . 6 5 .6 6
2 6 .6 6 .1 8 .4 3 .0 5 1 .3 2 .3 3
17 .9 4 .0 6 1 .2 4 .3 1 2 . 5 5 .6 4
2 0 .0 0 .4 5 .2 0 .3 7 1 .0 2 .2 6
3 6 .6 8 .1 7 .3 7 .2 7 1 . 4 9 .3 7
123 .2 7 .6 5 .1 6 .2 0 1 .2 8 .3 2
2 2 o . o o 0 . 00 .6 0 1 .0 8 1 .6 8 .4 2
5 9 .1 4 0 . 00 o . o o .5 1 .6 5 .1 6
90 o . o o 0.00 . 2 1 .3 7 .5 8 .1 5
6 .7 5 .4 1 0.00 .2 0 1 . 3 6 .3 4
*  Significantly different from infested control at .05 P.
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Table V I. The effects of antagonistic actinomycete isolates on the root weight of
com seedlings grown in sterile soil infested with Pythium arrhenomanes.
Fresh Root Weight in Grams
Isolate No. Rep. 1 Rep. 2 Rep. 3 Rep. 4 Total Average
Group A
Control (noninfested) 1 .9 8 2 . 4 3 2 . 2 1 2 . 6 7  ' 9 . 2 9 2 . 3 2 *
Control (infested) .2 0 .5 6 .6 9 .4 6 1 . 9 1 .4 8
2 4 .1 2 .3 1 .6 8 .8 7 1 . 9 8 .5 0
70 .4 7 1 .0 4 .1 3 1 . 2 7 2 . 9 1 .7 3
2 9 .1 1 .2 4 .4 2 .1 2 .8 9 .2 2
2 7 1 .4 5 1 .2 0 1 .3 5 . 9 6 4 . 9 6 1 .2 4 *
91 .5 1 .5 5 .1 8 . 4 7 1 . 7 1 .4 3
71 1 .4 4 , .4 6 1 .4 1 .8 5 4 . 1 6 1 .0 4
7 6 .3 6 .6 6 1 .2 8 1 .3 2 3 . 6 2 .9 1
25 .7 8 2 . 3 3 1 .3 8 .8 4 5 . 3 3 1 .3 3 *
10 8 .5 1 .3 4 .2 5 1 .5 5 2 . 6 5 .6 6
10 1 .2 0 .2 2 1 .1 8 .3 4 2 . 9 4 .7 4
10 .6 3 .5 6 .2 9 .2 3 1 . 7 1 .4 3
3 7 .9 4 .9 5 .9 9 .9 5 3 . 8 3 ,9 6
5 .4 2 .1 8 2 .3 0 1 .3 5 4 . 2 5 1 . 0 6
5 6 .6 1 .3 9 .5 8 .7 9 2 . 3 7 .5 9
Group B
Control (noninfested) 1 .7 0 2 .3 2 2 . 0 7 1 .9 0 7 . 9 9 2 . 0 0 *
Control (infested) .6 5 .2 3 .6 4 .8 2 2 . 3 4 .5 9
79 .9 6 1 .9 8 1 .4 9 .9 6 5 . 3 9 1 .3 5 *
2 .7 9 1 .7 0 1 . 5 6 .1 6 4 . 2 1 1 .0 5
75 .9 8 .4 9 .3 4 1 . 3 1 3 . 1 2 .7 8
123 1 .1 8 1 .9 8 1 .6 4 2 . 0 8 6 . 8 8 1 .7 2 *
4 4 . 66 .5 4 .2 6 1 .2 7 2 . 7 3 .6 8
2 6 .1 6 1 .3 5 .3 5 .1 8 2 . 0 4 .5 1
22 .9 4 1 .9 8 1 .0 0 .5 4 4 . 4 6 1 .1 2
90 .5 6 1 .4 3 1 .1 4 .7 7 3 . 9 0 .9 8
4 0 .2 1 .3 4 .1 3 .7 5 1 .4 3 .3 6
5 9 .9 1 .8 9 1 .2 3 1 . 0 1 4 . 0 4 1 .0 1
17 1 .7 1 1 .6 7 .4 2 .7 8 4 . 5 8 1 .1 5
3 6 .8 6 .8 1 .6 5 .4 8 2 . 8 0 .7 0
130 .6 8 1 .2 6 1 . 2 9 .6 2 3 . 8 5 .9 6
4 7 1 .0 1 1 .0 7 1 .1 1 .7 8 3 . 9 7 .9 9
6 2 . 0 3 1 .6 5 1 .1 1 1 . 1 9 5 . 9 8 1 .5 0 *
*  Significantly different from infested control at .05 P.
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Table VII. The effects of antagonistic actinomycete isolates on the root weight of
corn seedlings grown in sterile soil infested with Pythium arrhenomanes.
Fresh Root Weight in Grams
Isolate No. Rep. 1 Rep. 2 Rep. 3 Rep. 4 Total Average
Group A
Control (noninfested) 3 . 1 6 3 . 1 8 3 . 5 7 2 . 4 5
«
1 2 . 3 6 3 . 0 9 *
Control (infested) 1 .0 0 1 .5 5 1 .6 7 2 . 1 1 6 . 3 3 1 .5 8
2 4 1 . 0 6 2 . 0 3 2 . 1 6 1 .7 2 6 . 9 7 1 .7 4
7 6 1 .5 0 2 . 5 7 2 . 1 1 2 . 3 0 8 . 4 8 2 . 1 2
3 7 1 .5 9 2 . 1 9 1 .2 5 2 . 1 3 7 . 1 6 1 .7 9
9 1 1 .3 9 2 . 3 2 1 . 4 9 1 .5 2 6 . 7 2 1 .6 8
5 6 1 . 8 6 2 . 1 2 2 . 5 6 2 . 4 7 9 , 0 1 2 .2 5
2 7  . 3 . 0 3 2 . 0 2 2 . 8 5 1 .9 1 9 . 8 1 2 . 4 5 *
7 1 1 .2 4 1 .6 5 2 . 2 9 2 . 0 4 7 .2 2 1 .8 1
5 2 . 3 4 2 . 4 3 2 . 2 3 2 . 6 2 9 .6 2 2 . 4 1 *
8 0 2 . 2 9 2 . 3 0 2 . 2 3 1 .7 0 8 . 5 2 2 . 1 3
1 0 8 2 . 0 6 3 . 0 2 1 .9 2 2 . 2 0 9 .2 0 2 . 3 0
70 3 . 6 0 2 . 9 8 2 . 1 6 2 . 8 0 1 1 .1 6 2 . 8 7 *
10 2 . 7 9 2 . 4 1 3 . 7 1 2 . 2 7 1 1 .1 8 2 . 8 0 *
2 9 1 .7 9 1 .5 4 1 .6 1 1 .7 9 6 . 7 3 1 .6 8
25 2 . 4 8 2 . 9 1 2 . 9 7 3 . 1 1 1 1 . 4 7 2 . 8 7 *
Group B
Control (noninfested) 3 . 1 6 3 . 1 8 3 . 5 7 2 . 4 5 1 2 .3 6 3 . 0 9 *
Control (infested) 1 .0 0 1 .5 5 1 .6 7 2 . 1 1 6 .3 3 1 .5 8
5 9 1 .2 9 1 .6 2 1 .7 1 1 .6 2 6 . 2 4 1 .5 6
17 3 . 0 0 3 . 5 1 2 . 0 6 1 .2 1 9 . 7 8 2 . 4 4
1 23 3 . 2 2 2 . 3 2 2 . 1 0 1 .3 4 8 . 9 8 2 . 2 4
6 2 . 5 5 2 . 2 1 1 .9 2 2 . 8 5 9 . 5 3 2 . 3 8
4 7 1 .4 5 1 . 7 9 1 .2 7 2 . 2 3 6 . 7 4 1 .6 9
130 2 . 2 0 2 . 3 9 1 .1 8 2 . 5 6 8 .3 3 2 . 0 8
3 6 2 .6 5 2 . 0 1 1 .5 9 1 .8 9 8 . 1 4 2 . 0 4
4 0 1 .1 1 1 . 4 9 2 . 1 9 1 .6 5 6 . 4 4 1 .6 1
90 2 .0 2 2 . 4 5 1 .6 5 1 .4 3 7 .5 5 1 .8 9
2 2 1 .0 1 1 .4 3 1 . 7 9 2 . 1 3 6 . 3 6 1 .5 9
2 6 1 .1 7 2 . 7 9 1 . 2 4 1 .5 3 6 . 7 3 1 . 6 8
4 4 1 .6 5 .8 6 1 .8 9 1 .0 5 5 . 4 5 1 .3 6
2 1 .5 7 1 . 5 9 2 . 1 1 1 .0 5 6 .3 2 1 .5 8
7 5 1 .1 7 2 . 7 9 1 .2 9 .9 7 6 .2 2 1 .5 6
7 9 2 . 1 5 1 . 5 6 2 . 8 7 3 . 2 9 9 . 8 7 2 . 4 7 *
*  Significantly different from infested control at .05 P.
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Figure 3 .  The reduction of Pythium root rot of corn by actinomycete isolate 2 7  
when added to sterilized, artificially infested soil. (1) noninfested 
control, (2) infested with, actinomycete isolate 2 7  and P. 
arrhenomanes isolate L - 8 ,  (3) infested with P . arrhenomanes isolate 
L -8 .
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obtained with an antagonistic actinomycete isolate. In analysis of variance of the 
individual experiments a high degree of variation among replications led to a high 
experimental error. The mean differences required ( .0 5  P) were calculated where- 
ever there was evidence that real differences occurred. In all experiments the 
average root weights for the healthy controls were significantly greater than the 
average root weights of the diseased controls. An asterisk is used in Tables V, 
VI, and VII to designate the average root weights of treatments which are signifi­
cantly higher than the average root weights of the diseased controls. Only one 
actinomycete isolate (# 27) of the 2 9  isolates tested showed significant control 
of P . arrhenomanes in all three experiments. Although actinomycete isolate 5 
showed significant control in only one experiment, the mean differences obtained 
in the other two experiments for this isolate were sufficiently close to the mean 
differences required to indicate that control might have occurred in these experi­
ments. Actinomycete isolates 2 5  and 7 9  produced significant control of_P. 
arrhenomanes in two experiments, but no evidence of control existed in the third 
experiment. Significant control was obtained in at least one experiment each 
with actinomycete isolates 1 0 ,  7 0 ,  1 2 3 ,  3 7 ,  6 ,  and 7 1 .  Mean differences 
obtained for isolates 6 and 71  were sufficiently close to those required to indi­
cate that control might have occurred in at least one other experiment. The failure 
of actinomycete isolates to show the same degree of control of P . arrhenomanes 
in all experiments suggested that interaction occurred. An analysis of variance 
of the three experiments combined revealed that a highly significant interaction 
occurred between the experiments and the isolates. Temperature was noted as
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having a large effect on the results of these experiments, but no record was kept 
of the average temperatures which occurred during the experiments.
Results given in Table VIII show that certain actinomycete isolates used 
in these studies produced antibiotics in liquid culture media. Isolates 5 6  and 2 4  
showed a relatively high degree of antibiotic production in liquid Czapek's medium. 
Inhibition zones produced by filtrates of isolates 2 and 6 were not clear zones* 
but were zones of much reduced growth. Although some degree of inhibition was 
obtained with each of the 2 9  actinomycete isolates in agar culture, only the above- 
mentioned four isolates produced detectable antibiotics in liquid Czapek's medium 
in this experiment. The use of soybean meal liquid as a culture medium resulted 
in increased antibiotic production by some actinomycete isolates. Figure 4  shows 
typical inhibition zones produced by culture filtrates of actinomycete isolates 5 6 ,  
2 4 ,  and 2 9 .  Table IX shows the results of an experiment in which soybean meal 
medium and Czapek's medium were compared for stimulation of antibiotic produc­
tion. An analysis of these data reveals that isolates 2 4  and 2 9  produced sig­
nificantly higher amounts of antibiotics in soybean meal medium than in Czapek's 
medium. No significant difference was found in the amount of antibiotic produced 
by isolate 5 6  in the two media. It is interesting to note that isolate 2 9  failed 
to produce any antibiotic in Czapek's medium in earlier experiments (Table VIII), 
but produced antibiotics in both Czapek's and soybean meal media in this experi­
ment. Some antibiotic activity was present in filtrates of isolates 2 and 6 in the 
first experiment (Table VIII) whereas no antibiotic was detected in either medium 
for these isolates in this experiment (Table IX). These differences may be 
attributable to the culture methods used in the two experiments. Other isolates 
tested produced no antibiotics in either medium.
3 4
Figure 4 . Inhibition zones produced by culture filtrates of three actinomycete 
isolates after five days when assayed against Pythium arrhenomanes. 
(1) Control; (2) isolate 29 ;  (3) isolate 24 ; (4) isolate 5 6 .
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Table VIII. Production of antibiotics in modified Czapek's medium by 2 9  
antagonistic actinomycete isolates.
Isolate No.
Diameter ot zone of inhibition after 5 days (mm)
Rep. V Rep. 2 Total Average
2 4 2 7 . 0 2 4 . 5 5 1 . 5 2 5 . 8
5 6 2 0 . 0 2 1 . 5 4 1 . 5 2 0 . 8
2 1 5 .0 1 4 .5 2 9 . 5 1 4 .8
6 1 5 .0 1 7 .0 3 2 . 0 1 6 .0
Others 0 .0 0 . 0 0 . 0 0 . 0
* Each value represents the diameter of inhibition around one assay  disc.
Table IX. Comparison of Czapek's and Soybean meal media as growth media for 
stimulation of antibiotic production by seven antagonistic actinomycete 
isolates.
~ " Avg. diameter of zone of inhibition after 4  days (mm)*
Isolate No. Soybean meal Czapek's Diff.
5 6 2 1 . 3 2 2 . 9 - 1 . 6
2 4 2 6 . 3 1 9 .4 6 . 9 *
2 9 2 5 . 1 1 4 .9 1 0 .2 *
80 0 . 0 0 . 0 0 . 0
2 7 0 . 0 0 . 0 0 . 0
6 0 . 0 0 . 0 0 . 0
2 0 . 0 0 . 0 0 . 0
^Difference is significant at .0 5  P.
The pH of culture media was found to have a significant effect on the amount 
of antibiotic produced by several actinomycete isolates. Table X shows the results 
of an experiment in which the antibiotic activity was determined for culture filtrates of 
four actinomycete isolates at four pH levels. Although isolate 80  grew well at all 
four levels there was no detectable antibiotic produced at any pH level. Statistical 
analysis of these data show that there was a highly significant interaction between 
the isolates and the pH levels of the medium. Antibiotic production by isolate 5 6  
was significantly higher at pH 5 than at pH levels of 6 ,  7 ,  and 8 . A significantly 
higher amount of antibiotic was produced at pH 6  than at pH 7 and 8 .  No signifi­
cant difference occurred in the amount of antibiotic produced at pH 7 and 8 .
Antibiotic production by isolate 2 4  was significantly higher at pH 8 than at pH 
6 and 7 ,  but no significant difference was found in the antibiotic production at 
pH 6 and pH 7 .  Isolate 2 4  did not grow in the medium adjusted to pH 5 , there­
fore no antibiotic was produced at that pH level. Antibiotic production by isolate 
2 9  was significantly higher at pH levels of 5,  6,  and 7 than at pH 8 .  No signi­
ficant differences were found in antibiotic production by isolate 2 9  at pH levels 
of 5,  6 /  and 7 .
Results of a study of the heat stability study of antibiotic filtrates are shown 
in Table XI. The antibiotic activity of filtrates of isolates 2 4  and 5 6  were 
significantly reduced/ but not completely destroyed when autoclaved at 120°C  
for 15 min. Other treatments at lower temperatures failed to reduce the antibiotic 
activity of the filtrates of these two isolates. Complete destruction of the anti­
biotic activity of filtrates of isolate 2 9  was accomplished by subjecting them to 
10 0 °C  for 10  min and by autoclaving them at 120°C  for 15 min. Antibiotic
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Table X. Effect of pH of liquid soybean meal medium on the production of anti­
biotic substances by four antagonistic actinomycete isolates.
Isolate No.
pH Diameter of zone of inhibition after 5  days (mrrO-L
Initial final Rep. 1 Rep. 2 Rep. 3 Total Average
5 6 5 . 0 6 .4 3 4 . 8 3 2 . 3 3 2 . 8 9 9 . 9 3 3 . 3
6 . 0 7 .0 2 6 . 3 2 7 . 8 2 9 . 3 8 3 . 4 2 7 .8
7 . 0 7 .2 2 1 . 8 2 0 . 3 1 9 . 8 6 1 . 9 2 0 . 6
8 . 0 7 .8 1 9 .5 1 9 .0 2 2 . 0 6 0 . 5 2 0 .2
2 4 5 . 0 5 . 0 0 . 0 2 0 . 0 0 . 0 0 . 0 0 .0
6 . 0 6 .7 2 8 . 5 2 1 . 5 1 9 .5 6 9 . 0 2 3 .0
7 . 0 6 .7 2 4 . 5 2 8 . 5 2 4 . 8 7 7 . 8 2 5 .9
8 . 0 7 .2 3 1 . 3 3 2 . 0 2 9 . 3 9 2 . 6 3 0 . 9
2 9 5 . 0 6 .1 2 4 . 8 2 5 . 0 2 4 . 8 7 4 . 6 2 4 . 9
6 . 0 6 . 6 2 6 . 3 2 2 . 8 2 3 . 5 7 2 . 6 2 4 .2
7 .0 7 .3 2 5 .0 2 1 . 8 2 5 . 5 7 2 . 3 2 4 . 1
8 . 0 7 .3 1 8 .5 2 0 . 8 2 1 . 5 6 0 . 8 2 0 . 3
80 5 . 0 6 .1 0 . 0 3 0 . 0 0 . 0 0 . 0 0 .0
6 .0 6 .8 0 .0 0 . 0 0 . 0 0 . 0 0 .0
7 .0 7 .3 0 .0 0 . 0 0 . 0 0 . 0 0 .0
8 . 0 7 .4 0 .0 0 . 0 0 . 0 0 . 0 0 .0
^Value for each replication is the average of 4  assay d iscs. 
2 No growth of isolate 2 4  at th is  pH level.
^Good growth of isolate 80 at all pH levels but no antibiotic production.
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Table XI. Effects of heat treatments on the antibiotic activity of culture filtrates 
of three antagonistic actinomycete isolates.
Isolate
No. Temperature(c)
Time
(min)
Diameter of zone of inhibition after 4  days (mm)l
Rep. 1 Rep. 2 Rep. 3 Total Average
2 4 nonheated 3 3 . 0 3 0 . 5 3 5 . 0 9 8 . 5 3 2 . 8
80 20 2 9 . 5 3 2 . 0 3 3 . 0 9 4 . 5 3 1 . 5
— 100 5 3 5 . 0 3 0 . 0 3 4 . 5 9 9 . 5 3 3 . 2
100 10 3 3 . 5 3 0 . 0 2 8 .0 9 1 .5 3 0 . 5
120 15 2 7 .5 2 5 .0 2 4 . 5 7 7 .0 2 5 . 7
5 6 nonheated 3 5 . 0 3 5 . 0 3 3 . 0 1 0 3 .0 3 4 . 3
80 20 3 6 . 0 3 2 . 5 3 4 . 5 1 0 3 .0 3 4 . 3
100 5 3 5 . 0 3 5 . 0 3 2 . 5 1 0 2 .5 3 4 . 2
100 10 3 3 . 5 3 5 . 5 3 4 . 0 1 0 3 .0 3 4 . 3
120 15 2 0 .5 2 2 .0 2 2 .0 6 4 . 5 2 1 .5
2 9 nonheated 2 3 .0 2 4 . 5 2 4 . 0 7 1 . 5 2 3 .8
80 20 2 1 .0 2 4 . 5 2 0 .5 6 6 . 0 2 2 .0
100 5 1 5 .0 1 6 .0 1 4 .5 4 5 . 5 1 5 .2
100 10 0 . 0 0 .0 0 . 0 0 . 0 0 .0
120 15 0 . 0 0 . 0 0 . 0 0 . 0 0 .0
■^Value for each replication is the average of 2 assay discs.
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activity of the filtrates of th is isolate was significantly reduced by a temperature 
of 100°C  for 5 min, but was not completely destroyed by this treatment.
By growing P . arrhenomanes on agar containing various dilutions of dif­
ferent antibiotic filtrates, it was found that some of these filtrates were capable 
of inhibiting this fungus in dilutions a s  high a s  1 :1 0 0 .  Complete results of 
this experiment are given in Table XII. Figure 5 shows the inhibition of growth 
of P . arrhenomanes by dilutions of 1 :10  and 1 :20  of filtrates of two actinomycete 
isolates. Culture filtrates of actinomycete isolate 8 0  did not inhibit growth of_P. 
arrhenomanes at any dilution tested. Culture filtrates of isolates 5 6 ,  2 4 ,  and 2 9  
completely inhibited growth of P . arrhenomanes for 3 6  hours at dilutions of 1 :2 0 ,  
1 :5 0 ,  and 1 :2 0 ,  respectively. No dilution of any filtrate completely inhibited 
growth of P. arrhenomanes for 72  hours. After 72  hours there w as, however, a 
noticeable reduction in the growth of_P. arrhenomanes in filtrate dilutions of 1 :50  
for isolates 5 6  and 2 4  and 1 :20  for isolate 2 9 .  Some inhibition of_P. arrhenomanes 
occurred after 1 2 0  hrs of incubation in filtrate dilutions of 1 :2 0  or less of isolates 
5 6 ,  2 4 ,  and 2 9 .
The data given in Table XIII show that there was no significant difference 
in the average colony diameters of P . arrhenomanes after 3 6  and 120  hours when 
cultured on either agar alone, agar containing antibiotic-treated soil, or agar con­
taining nontreated soil. These data also show that when the same amount of anti­
biotic filtrate was added to agar in the absence of soil there was a significant 
decrease in the average colony diameter. Figure 6 shows that although there was 
no difference in the colony diameters there was less aerial mycelium produced by cul­
tures grown on agar containing anti biotic-treated soil than was produced by cultures.
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Table XII. Average diameters of Pythium arrhenomanes colonies on agar con­
taining various dilutions of culture filtrates of four antagonistic 
actinomycete isolates.
Isolate No. Dilution
Average diameter of colonies in millimeters 1
3 6  hrs 72  hrs 12 0  hrs
Check2 60 9 3 + 9 3 +
8 0 1:5 5 8 9 3 + 9 3 +
1:10 65 9 3 + 9 3 +
1 :20 60 9 3 + 9 3 +
1:50 6 1 9 3 + 9 3 +
1 :1 0 0 60 9 3 + 9 3 +
5 6 1:5 0 5 13
1 :10 0 15 3 5
1:20 0 3 1 5 8
1:50 10 8 4 9 3 +
1 :1 0 0 60 9 3 + 9 3 +
2 4 1:5 0 5 0 7 8
1 :10 0 4 4 6 6
1 :2 0 -  0 5 3 8 9
1 :5 0 0 62 9 3 +
1 :1 0 0 4 7 9 3 + 9 3 +
2 9 1:5 0 5 10
1 :10 0 4 4 63
1 :20 0 4 9 8 9
1 :5 0 3 9 9 3 + 9 3 +
1 :1 0 0 5 8 9 3 + 9 3 +
lE ach  value represents the average diameter of three colonies.
* Sterile culture medium of the same type used for culturing the actinomycetes was 
diluted into agar as a check. Values shown represent the average of all five 
dilutions.
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Figure 5 .  Five day old cultures of Pythium arrhenomanes on Czapek's agar 
containing filtrates of two actinomycete*Tsolates. Dilutions of 
1 :10  (1) and 1 :20  (2) of filtrates of isolate 24; Dilutions of 
1 :10  (3) and 1 :20  (4) of filtrates of isolate 5 6 .  See (1) of 
Figure 4  for normal amount of growth of P . arrhenomanes after five 
days on Czapek's agar.
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Figure 6 .  Colony growth of Pythium arrhenomanes on: (1) Czapek's agar,
(2) Czapek's agar plus antibiotic, (3) Czapek's agar plus sterile 
nontreated soil, and (4) Czapek's agar plus anti biotic-treated soil.
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grown in agar alone or in agar containing nontreated soil. All antibiotic filtrates 
when added to the soil appeared to be inactivated to the same extent. Results 
given in Table XIV show the reduction of the antibiotic activity of culture filtrates 
of three actinomycetes when 10 ml of these filtrates were treated with five g of 
sterile so il. ' A significant reduction occurred in the antibiotic activity of culture 
filtrates of isolates 5 6  and 2 4  when they were treated with soil for one hour.
No significant difference was found between the antibiotic activity of treated and 
nontreated filtrates of isolate 2 9 .  None of these isolates produced significant 
control of P . arrhenomanes in the soil. It appears from these data that inactiva­
tion of antibiotics by soil particles may be an important factor in limiting the degree 
of control of P . arrhenomanes obtained with some antagonistic actinomycetes in 
soil.
Neither water extracts nor hot water extracts from amended soil, in which 
antagonistic actinomycetes were cultured, showed any antibiotic activity when 
assayed against P . arrhenomanes. Buffer extractions were made from amended soil 
in which each of the 2 9  actinomycete isolates used in these studies was cultured. 
Alcohol extractions from amended soil were limited to isolates 2 7 ,  8 0 ,  6 ,  2 9 ,  
5 6 ,  and 2 4 .  Results of the assays of buffer and alcohol extracts are shown in 
Table XV. Figure 7 shows the zones of inhibition produced by buffer extracts 
from soil cultures of three actinomycete isolates when assayed against P . arrheno­
manes. The inhibition zones produced by extracts from soil cultures of isolates 
2 4  and 2 9  were well defined zones. The effects of extracts from soil inoculated
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Table X ill. Average diameters of Pythium arrhenomanes colonies when grown on 
Czapek's agar or Czapek's agar containing either antibiotic-treated 
soil, antibiotic alone, or nontreated soil.
Filtrate Treatment
Average diameter of colonies (mm) 
3 6  hrs 1 2 0  hrs
Ck no soil 5 9 9 3 +
soil 5 3 9 3 +
5 6 no soi 1 2 0 4 0
soil 5 7 9 3 +
2 4 no soil 0 18
soil 5 5 9 3 +
2 9 no soil 5 4 4
soil 5 9 9 3  +
Table XIV. Antibiotic activity in nontreated culture filtrates and soil-treated 
culture filtrates a s  indicated by the inhibition of Pythium arrhenomane 
in agar culture.
Average diameter of inhibition after 4  days (mm)
Filtrate Nontreated Treated
5 6 2 7 . 5 1 9 .0 *
2 4 3 2 . 0 2 4 . 5 *
2 9 2 2 . 5 2 0 . 5
^Significantly different from nontreated at .0 5  P.
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Table XV. Antibiotic activity of extracts from amended soil in which antagonistic 
actinomycete isolates were cultured a s  indicated by the inhibition of 
Pythium arrhenomanes in agar culture.
Isolate
Average zone of inhibition after five days (mm)
Buffer extract Alcohol extract
Crude Concentrated Crude Concentrated
6* 0 . 0 0 . 0 0 . 0 0 . 0
2 4 0 . 0 2 3 . 5 0 . 0 0 . 0
2 9 1 9 .0 3 0 . 0 0 . 0 0 . 0
80 0 . 0 0 . 0 0 .0 0 . 0
2 7 0 . 0 0 . 0 0 .0 0 . 0
5 6 0 . 0 0 . 0 0 . 0 0 . 0
^Although no well defined inhibition zone was formed soil extracts of this isolate 
greatly reduced the growth of P .  arrhenomanes. See figures 7 and 8 .
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Figure 7 .  Inhibition zones produced by buffer extracts from soil cultures of 
three actinomycete isolates when assayed against Pythium 
arrhenomanes. (1) isolate 24; (2) isolate 6; (3) control; and 
(4) isolate 2 9 .
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with isolate 6 was a uniform inhibition of the colony growth of P . arrhenomanes. 
Figure 8 shows the inhibition caused by an alcohol extract from a soil culture of 
actinomycete isolate 6 .  The antibiotics extracted from soil cultures of this isolate 
apparently diffused uniformly throughout the agar medium from the assay d iscs, thus 
resulting in a uniform type of inhibition. It was noted that some stimulation of 
growth of P. arrhenomanes occurred near the assay discs when alcohol extracts 
were assayed. This stimulation may have been due to nutrient elements removed 
from the soil in the alcohol extracts along with the antibiotic substances.
Extractions were made from nonamended soil in which actinomycete isolates 
6 and 2 9  were cultured. No antibiotic activity could be detected in the crude or 
concentrated extracts from these nonamended-soil cultures.
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1 2  3
Figure 8 .  Inhibition of Pythium arrhenomanes by an alcohol extract from a soil 
culture of actinomycete isolate 6 .  (1) alcohol only; (2) alcohol 
extract of sterile soil, and (3) alcohol extract of soil culture of 
actinomycete isolate 6 .
SUMMARY
1. Species of Pythium pathogenic to corn were isolated from the roots of
sugar cane. The pathogenicity of the isolates was determined by their 
virulence on roots of germinated corn in Petri p lates. Several isolates 
were found to cause severe root rot of corn seedlings in sterile, reinfested 
soil. One of these isolates was identified as Pythium arrhenomanes and 
was used through out these studies.
2 .  Several hundred actinomycetes were isolated from soil and tested for their
ability to antagonize _P. arrhenomanes in agar culture. Twenty-nine 
antagonistic actinomycete isolates were selected for use in these studies.
3 .  In greenhouse experiments it was determined that the severity of Pythium
root rot of corn was significantly reduced when some of the antagonistic 
actinomycete isolates were added to sterile, reinfested soil. Most of the 
antagonistic actinomycete isolates caused a decrease in root rot severity 
when added to the soil. However the high experimental error which 
occurred in these experiments caused many differences to be nonsignifi­
cant.
4 .  The width of the zone of inhibition produced by the antagonistic actinomycete
isolates in agar culture with P . arrhenomanes ranged from 0 to 2 0 . 8  mm. 
The average zone of inhibition was 10 .7m m . Although all isolates caused 
inhibition of P . arrhenomanes in agar culture, only three isolates, 2 4 ,
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5 6 ,  and 2 9 ,  consistently produced antibiotics in liquid culture media. 
Antibiotic production by isolates 2 4  and 2 9  was significantly higher in 
soybean meal medium than in Czapek's medium.
5 .  The pH of the liquid culture medium was found to have significant effect on
the amount of antibiotic produced by the actinomycete isolates. Isolates 
2 4  and 2 9  produced significantly higher amounts of antibiotics in a 
neutral to alkaline medium while antibiotic production by isolate 5 6  was 
favored by an acid medium.
6 .  Heat stability studies showed that the antibiotics produced by isolates 2 4
and 5 6  withstood autoclaving for 15  min without being completely destroyed. 
The antibiotic produced by isolate 2 9  was completely destroyed by trea t­
ment at 100°C  for 10 min.
7 .  Antibiotics were found to be present in culture filtrates in sufficient amounts
to remain active in dilutions as  high as 1 :1 0 0 .  Antibiotic culture filtrates 
from isolate 2 4  completely inhibited the growth of^P. arrhenomanes for 3 6  
hours in a dilution of 1 :50  in agar medium. Dilutions o f  1 :20  of filtrates 
from isolates 5 6  and 2 9  completely inhibited growth of the fungus for a 
similar period of time.
8 .  A significant reduction occurred in the antibiotic activity of culture filtrates
in the presence of soil. Diluted culture filtrates in agar did not show 
antibiotic activity in the presence of soil. The antibiotic activity of 
culture filtrates from actinomycete isolates 2 4  and 5 6  was significantly 
reduced when these filtrates were exposed to sterile soil. The reduction 
of activity which occurred with isolate 2 9  was not significant.
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9 .  Antibiotic activity was detected in buffer and alcohol extracts of cultures 
of antagonistic actinomycete isolates grown in sterile soil amended with 
two per cent soybean meal. Isolates 6 ,  2 9 ,  and 24  were found to produce 
antibiotics in amended soil.
1 0 .  No antibiotic activity could be detected in extracts from nonamended soil
in which antagonistic actinomycete isolates were cultured.
1 1 .  Of the three actinomycete isolates which produced antibiotics in amended
soil isolate 6 was the only isolate which showed any control of Pythium 
root rot of corn in greenhouse te s ts .  None of the three isolates which 
consistently produced antibiotics in liquid culture media controlled Pythium 
root rot in the soil. Isolates 5 ,  2 5 ,  2 7 ,  and 79  showed no antibiotic 
production in liquid media but produced good control of Pythium root rot 
in greenhouse experiments.
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